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AZITHROMOCIN MONOHYDRATE WITH LOWER HYGROSCOPICITY, PREPARATION METHOD AND 
PHARMACEUICAL COMPOSITIONS WHICH IMCLUD IT 

5 

Field of the invention 

This invention relates to a new improved form of 
azitromycin {9-deoxo-9a~aza-9a-methyl-9a-homoerythromycin 
10 A) monohydrate, the monohydrated form of azitromycin of 
lower hygroscopicity, the method - for making it and the 
pharmaceutical compositions which include it. 

Background of the invention 



homoerythromycin A is a broad- spectrum antibacterial agent 
that was disclosed and patented by Sour Pliva in Yugoslav 
priority application YU 000592 of 06.03.81, which priority 
20 was invoked in the equivalent American patent US 4517359. 



15 



Azitromycin 



or 



9-deoxo-9a-aza-9a-methyl-9a- 




CONFIRMATION COPY 
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These patents describe the preparation of the product by 
means of an Eschweiler-Clarke rnethylation reaction of 9- 
deoxo-9a-aza-9a-methyl-9a~homoerythroraycin A. 

5 Two crystalline forms of azitromycin are known: 
azitromycin monohydrate and azitromycin dihydrate. 

The dihydrated form of azitromycin is obtained by 
crystallisation of the product in a mixture of 
10 tetrahydrof uran and an aliphatic hydrocarbon in the 
presence of water (EP 298.650) or by means of 
recrystallisation of the product of aketone and water (J. 
Chem. Research (M) , 1988, 1239-1261; J. Chem. Research 
(S) , 1988, 152-153) . 

15 

Furthermore, the azitromycin monohydrate is prepared by 
crystallisation of the product from mixtures of ethanol 
and water (EP 298.650) or aketone and water. 

20 Both monohydrated and dihydrated forms are easily 
distinguishable by their X-ray diffraction spectrums, IR 
spectruras, differential calorimetry analysis (DSC) and 
thermogravimetric analysis (TGA) . 

25 In European patent EP 298.650 from Pfizer, Messrs Allen 
and Nepveux describe how when azitromycin is obtained 
according to the Eschweiler-Clark methylisation procedure 
of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A with 
formaldehyde and formic acid and the azitromycin resulting 

30 from ethanol and water is recrystallised, the monohydrated 
form of azitromycin is obtained. This product is 
hygroscopic and can be used only with difficulty, since 
the monohydrate absorbs variable amounts of water, which 
makes it difficult to use for medicinal formulation. 

35 
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The only method by which Messrs Allen and Nepveux overcame 
these difficulties and limitations of the raonohydrated 
form of azitromycin was by developing a new form of 
azitromycin, the dihydrate of azitromycin, described and 
5 claimed in EP 298.650. 

Description of the invention 

It is, therefore, an object of this invention to provide 
10 an improved form of azitromycin monohydrate which 
overcomes the difficulties and limitations of the 
hygroscopic azitromycin monohydrate form previously known 
and which shows lower hygroscopicity. 

15 The term "an improved form of azitromycin monohydrate" can 
alternatively be denominated "azitromycin monohydrate of 
the invention". These terms are used interchangeably in 
this specification . 

20 The term "hygroscopic azitromycin monohydrate" refers to 
the azitromycin monohydrate previously known through 
EP298650. More specifically, it refers to the azitromycin 
monohydrate described on page 4, 'lines 25^48 of EP298650. 

25 This "hygroscopic azitromycin monohydrate" is the 
reference molecule of this invention. In consequence, when 
for example in the invention "an improved form of 
azitromycin monohydrate that presents lower 
hygroscopicity" is used, this "lower hygroscopicity" 

30 refers to lower hygroscopicity when compared with the 
hygroscopicity of the reference molecule "hygroscopic 
azitromycin monohydrate" reference molecule of EP2 98 65Q. 
The same is the case when the statement "denser and 
stronger" is used in relation to the azitromycin of the 
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invention, that is, it is "denser" when compared with the 
reference molecule of EF298650. 

Another object of this invention is to disclose a method 
5 of preparation of an improved form of monohydrated 
azitromycin of lower hygroscopicity , which method provides 
the improved form of monohydrated azitromycin with a 
practically constant water content and in a reproducible 
manner. 

10 

Another object of ..this invention is to disclose 
pharmaceutical compositions which include an improved form 
of azitromycin monohydrate, the monohydrated azitromycin 
of lower hygroscopicity. 

15 

In accordance with one of the objects of this invention, a 
new form of azitromycin monohydrate has been surprisingly 
discovered, a form which overcomes the difficulties and 
limitations of the previously known form of azitromycin 
20 monohydrate and which presents lower hygroscopicity, this 
improved form being a compound of lower hygroscopicity 
which has apparent density values that are especially 
suitable for its use as an active ingredient in the 
formulation of tablets and other medicinal forms. 

25 

The improved form of azitromycin monohydrate of lower 
hygroscopicity is characterised in that it is denser and 
stronger and possesses values of: 

- apparent filling density not lower than 0,35 
3 0 g/ml, preferably not lower than 0.40 g/ml, and more 
preferably still not lower than 0.45 g/ral, and still more 
preferably not lower than 0,50 g/ml and yet more 
preferably not lower than 0.53 g/ml; and 
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- apparent knocked density not lower than 0,50 
g/ml, preferably not lower than 0.55 g/ml, and more 
preferably still not lower than 0.60 g/ml, and still more 
preferably not lower than 0.65 g/ml and yet more 
5 preferably not lower than 0.70 g/ml. 

Preferably, the "apparent filling density 7 ' is measured by 
weighing out approximately 100 g of product measured with 
a precision of 0.1%. If it is not possible to use 100 g, 

10 the quantity of sample and the volume of the cylinder and 
the conditions specified in the analysis can be altered. A 
quantity of sample is selected such that it has an 
apparent loose volume of 150 to 250 ml. The uncompacted 
powder is then transferred carefully to a dry graduated 

15 cylinder of 250 ml (graduated cylinder weight: 220144 g) , 
by sliding the product gently. The apparent unsedimented 
volume occupied by the sample is then read, and it is 
approximated to the closest graduated unit: Volume (1) 
(expressed in ml) , and the apparent filling density 

20 calculated using the formula: 

Apparent filling density « weight of sample (g)/V(l) ml. 
This procedure is that of USP24, Test 616. 

25 Preferably, the apparent knocked density is measured in a 
Pharma Test apparatus (model PT-TD) , with a knocking speed 
of 250±10 blows/minute and a knocking height of 3±0.1mm, 
securing the cylinder in the bracket of the equipment and 
knocking initially 500 times. The volume occupied by the 

30 sample is noted and approximated to the nearest graduation 
of the graduated cylinder. This is the volume (2) . The 
sample is then given a further 750 knocks and the knocked 
volume occupied by the sample measured: Volume (3) . If the 
difference between the two volumes [V8'9-V(2)] is less 

35 than 2%, V(3) is the final volume for calculating the 
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apparent knocked density. If the difference is .greater 
than 2% r then knocking of the sample in increments of 1250 
blows each time is continued until consecutive readings 
with a difference of less than 2% between them are 
5 obtained. The knocked density in g/ml is calculated using 
the following formula: 

Apparent knocked density = weight of sample (g)/V(3) ml. 
This procedure is that of USP24, Test 616. 

10 

The technical characteristic of the density .of the 
azitromycin monohydrate of the invention provides the 
effect of lower hygroscopicity . The object of this 
invention, as mentioned above , can therefore be expressed 
15 alternatively as: a azitromycin monohydrate which is 
characterised in that is possesses values of: 

- apparent filling density not lower than those 
mentioned previously; and 

- apparent knocked density not lower than those 
20 mentioned previously, 

The improved form of azitromycin monohydrate of lower 
hygroscopicity is further characterised in that it 
presents an initial water content of between 3.2% and 
25 3.6%, a water gain of between 0.16 and 0.23% at 24 hours 
and between 0.3 and 0.51% at four days, finally 
stabilising at a water content of 3.6 to 3.9%, under 
ambient humidity conditions of between 20 and 40% and at 
temperatures in the range 20-30°C. 

30 

The azitromycin monohydrate presents apparent filling 
density values not exceeding 0.29 g/ml and apparent 
knocked density values not exceeding 0.4 4 g/ml. 
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Moreover, if . the hygroscopic azitromycin monohydrate is 
exposed to the atmosphere and maintained under mean 
ambient conditions of 20-30°C of temperature and 20-4 0% of 
ambient relative humidity, it presents a water gain of 
5 1.2% at 24 hours and of 1.3% at four days, finally 
stabilising at a water content of 4.6%. 

The X-ray diffraction spectrum of the improved form of 
azitromycin monohydrate of lower hygroscopicity shows that 
10 the product presents a lower crystalline content when 
compared with that of the hygroscopic azitromycin 
monohydrate, which can have a positive effect in 
improvements in its solubility and bioavailability. 

15 Furthermore, the values for melting point, DSC and IR 
spectrum of the new improved form of azitromycin 
monohydrate of lower hygroscopicity are identical to those 
of the hygroscopic azitromycin monohydrate. 

20 In accordance with another aspect of this invention, a 
method is disclosed for preparation of an improved form of 
azitromycin monohydrate, the azitromycin monohydrate of 
lower hygroscopicity, which method gives rise surprisingly 
to an improved form of azitromycin monohydrate with a 

25 practically constant water content and in a reproducible 
manner. 

The hygroscopic azitromycin monohydrate is obtained by 
means of an Eschweiler-Clarke reaction of the 9-deoxo-9a- 
30 aza-9a-methyl-9a-homoerythromycin A with formaldehyde and 
formic acid, the resulting product being recrystallised in 
mixtures of ethanol and water or of acetone and water to 
provide the hygroscopic monohydrate form. 
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The method for preparing an improved form of azithromycin 
monohydrate, the azitromycin monohydrate of lower 
hygroscopicity, is characterised in that the hygroscopic 
azitromycin monohydrate is subjected to a procession of 
5 compaction by pressure. 

The hygroscopic azitromycin monohydrate can be obtained 
via the reaction based on Eschweiler-Clark described 
above. However, it is possible to obtain it by different 

10 protocols in accordance with the general state of the art 
on the subject. The characteristic feature of the method 
of the invention is that the hygroscopic azitromycin 
monohydrate is submitted to a process of compaction by 
pressure. The specific method -used for obtaining the 

15 hygroscopic azitromycin monohydrate is not essential in 
nature, although the preferred procedure is that mentioned 
previously. 

The compaction pressure can range between 50 and 200 
20 kg/cm2, but is preferably between 100 and 200 kg/cm2. 

The speed of rotation of the rollers has to be between 5 
and 15 rpm, and is preferably between 9 and 15 rpm. 

25 The mesh size has to be between 0.5 and 2 mm, preferably 
with an opening size of between 1 and 2 mm. 

Any type of compactor can be used, though preferably a 
roller compactor. 

30 

In accordance with the method object of this invention, it 
has been found that when the hygroscopic azitromycin 
monohydrate is subjected to a process of compaction by 
pressure resulting in a product of greater apparent 
35 density, this new product surprisingly presents the 



WO 02/10181 



PCT/IB01/01327 



9 

advantageous property of possessing a lower tendency to 
take up water contained in the atmosphere, the 
characteristic of lower hygroscopicity . 

5 This new improved form of azitromycin monohydrate of lower 
hygroscopicity remains stable during and after the process 
of compaction by pressure, without there taking place any 
increase in the level of impurities in the resulting 
product . 

10 

In accordance with the method of this invention, it has 
surprisingly proved possible to obtain a product which, if 
exposed to the atmosphere and kept at mean ambient 
conditions of 20-30°C of temperature and 20-40% of ambient 

15 relative humidity, presents a water gain of 0.23% at 24 
hours and of 0.513% at four days, finally stabilising at a 
water content value of 3.9%, while the uncompacted 
hygroscopic azitromycin monohydrate presents a water gain 
of 1.2% and 1.3%, respectively, at the end of said periods 

20 of time, finally stabilising at a water content of 4.6%. 

The efficacy of the method in this respect was confirmed 
by the fact when the same product is submitted to a double 
operation of compaction by means of pressure, the water 
25 gain after 24 hours and 4 days is 0.16%and 0.30%, 
respectively, leaving the product finally stabilised at a 
water content of 3.6%. 

Another object of this invention relates to the 
30 pharmaceutical composition that include a therapeutically 
effective quantity of azitromycin monohydrate of lower 
hygroscopicity in association with at least one 
pharmaceutical^ acceptable suitable inert diluent. 
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The pharmaceutical composition in accordance with this 
invention can be prepared by combining the azitromycin 
raonohydrate of lower hygroscopicity with at least one 
pharmaceutically acceptable suitable inert diluent and 
5 administering it orally and parenterally . 

This invention is illustrated by means of the following 
examples. It should nevertheless be understood that this 
invention is not limited to the specific examples in them. 

10 

Drawings 

Figure 1 shows the X-ray spectrum of hygroscopic 
azitromycin monohydrate. 

15 

Figure 2 shows the X-ray dif f ractograra of the improved 
form of azitromycin monohydrate . 

Figure 3 shows the IR spectrum of the hygroscopic 
20 azitromycin monohydrate. 

Figure 4 shows the IR spectrum of the improved form of 
azitromycin raonohydrate of lower hygroscopicity. 

25 Examples 

Example 1 to 5 

20 Kg of hygroscopic azitromycin monohydrate having 
30 filling density values of 0.29 g/ml and knocked density of 
0.44 g/ml were compacted in a roller compactor of the 
Bonal trademark, model BC-175/75V fitted with screen with 
1 mm mesh size, and the compaction pressure and roller 
rotation speed parameters were set as indicated in Table 
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A. The density results obtained are shown in the same 
table. 

Table A: Compaction Conditions 



5 



Example 


Compaction 


Roller 


Filling 


Knocked 


No. 


Pressure 


rotation 


Density 


Dens i ty 




<kg/cm2) 


speed 


(g/mi) 


(g/ml) 






(rpm) 






1 


75 


11.1 


0.49 


0.61 


2 


100 


11.1 


0.51 


0.62 


3 


130 


10 


0.52 


0.64 


4 


150 


10 


0.53 


0.70 


5 (*) 


150 


10 


0.55 


0.74 



(*) New product compaction value obtained by combining 
examples 1 and 2. 



10 

Hygroscopicity results 

Table B below shows the comparative hygroscopicity results 
obtained with the hygroscopic azitromycin rnonohydrate and 

15 the improved form of azitromycin of lower hygroscopicity. 
Said table shows the changes in the water content of the 
product over time, measured by the Karl Fischer method, 
when exposed to the following ambient conditions: 
Temperature between: 20-30°C 

20 Relative Humidity between: 20-40% 
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Table B: Hygroscopicity 



Time 


Hygroscopic 


Product 


Product 




azithromycin 


Example 4 


Example 5 




monohydrate 








(% H a O) 


(% H a O) 


(% H 2 0) 


0 


3. 28 


3.39 


3.33 


24 hours 


4.49 


3. 62 


3.49 


2 days 


4.52 


3.70 


3.53 


4 days 


4.59 


3,90 


3.63 


15 days 


4.6 


3.9 


3.6 



5 

Stability results 



Table C below shows that the quality of the product 
remained unchanged after it had been submitted to the 
10 compaction process. 



Table C: Stability 



Parameter 


Hygroscopic 
azitromycin 
monohydrate 


Product Example 4 


Specific rotation 
(s.s.s. ) 


-48.8° 


-47.5° 


pH {0,2% solution 
in methanol/water, 
1:1) 


9.98 


10.1 


Purity (%) 


98.0 


98.2 



15 
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Results of the X-ray diffractograms 

The X-ray diffractograms were obtained by means of a 
5 Philips Analytical X-Ray B.V. dif f ractometer of type PW 
1710, operating at 40 kV and 40 mA and using a copper 
radiation of kal-l-54056A and kcc2=l . 54439A. This equipment 
has a graphite monochromator with automatic slit, and the 
crystalline powder method was used. 

10 

Figure 1 corresponds to the X-ray spectrum of hygroscopic 
azitromycin monohydrate, while Figure 2 corresponds to the 
X-ray dif f ractogram of the improved form of azitromycin 
monohydrate . 

15 

A comparison of them shows a reduction of crys tallinity in 
the improved form of azitromycin monohydrate. 

20 Infrared spectrum results 

Attached below are the IR spectrum results of hygroscopic 
azitromycin monohydrate and the improved form of 
azitromycin monohydrate, recorded on a Perkin Elmer 
25 spectrometer model 1600 Series FTIR, 

Figure 3 shows the IR spectrum of the hygroscopic 
azitromycin monohydrate, while Figure 4 shows the IR 
spectrum of the improved form of azitromycin monohydrate 
30 of lower hygroscopicity. 
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CLAIMS 



1 . Improved form of azitromycin monohydrate of 
lower hydroscopicity and greater density and hardness that 

5 presents values of: 

- apparent filling density not lower than 0.35 
g/ml; and 

- apparent knocked density not lower than 0.50 

g/ml. 

10 

2. Improved form of azitromycin monohydrate .as 
claimed in Claim 1, which further presents an initial 
water content of between 3.2% and 3-6%, a water gain of 
between 0.16 and 0.23% at 24 hours and between 0.30 and 

15 0.51% at four days, finally stabilising at a water content 
of 3.6 to 3.9%, under ambient humidity conditions of 
between 20 and 40% and at temperatures in the range 20- 
30°C. 



20 3. Improved form of azitromycin monohydrate as 

claimed in Claim 1, in which the apparent filling density 
is not less than 0.40 g/ml and apparent knocked density 
not less than 0.55 g/ral. 

25 4. Improved form of azitromycin monohydrate as 

claimed in Claim 1, in which the apparent filling density 

is not less than 0.45 g/ml and apparent knocked density 
not less than 0.60 g/ml* 

3 0 5. Improved form of azitromycin monohydrate as 

claimed in Claim l f in which the apparent filling density 
is not less than 0.50 g/ml and apparent knocked density 
not less than 0.65 g/ml. 
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6. Improved form of azithromycin monohydrate as 
claimed in Claim 1, in which the apparent filling density 
is not less than 0.53 g/ml and apparent knocked density 
not less than 0.70 g/ml. 

5 

7. Method for preparation of an improved form of 
azitromycin monohydrate as claimed in any of the previous 
claims, characterised in that the hygroscopic azitromycin 
monohydrate is subjected to a procession of compaction by 

10 pressure. 

8. Method as claimed in Claim 7, characterised in 
that the compaction pressure is furthermore ranges between 
50 and 200 kg/cm 2 , the speed of rotation of the rollers is 

15 between 5 and 15 rpm and the mesh size is between 0.5 and 
2 mm, 

9. Method as claimed in Claim 8, characterised in 
that the compaction pressure is 150 kg/cm 2 , the speed of 

20 rotation of the rollers is 10 rpm and the mesh size is 1 
mm. 

10. Product that can be obtained according to any 
of method claims 7 , 8 or 9. 

25 

11. Pharmaceutical composition that includes a 
therapeutically effective quantity of improved form of 
azitromycin monohydrate as claimed in any of Claims 1 to 6 
in association with at least one pharmaceutical^ 

3 0- acceptable suitable inert diluent. 

12. Method for preparation of the pharmaceutical 
composition claimed in Claim 11, characterised in that it 
combines the azitromycin monohydrate of lower 

3 5 hygroscopicity with at least one pharmaceutical^ 



WO 02/10181 



PCT/IB01/01327 



16 

acceptable suitable inert diluent, administered orally and 
parenterally . 
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